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PREFACE:
OBJZCTIVES: The objectives of this report were to see if updated hydrologigay
information could be gleaned from ERTS imggery, to develop a land use-peak runoff
classification system tailored for hydrologic studies, and to moniter snow cover
and flood conditions. |
SCOFE OF WORK: Hydrologic work was concentrabed on flooded areas within the
Penobscot River Watershed. From the flood areas, Sunkhaze Stream Watershed was

selected for detail study. land use maps and drainage maps of the Sunkhaze basin

‘were derived from ERTS imagery and U-2 UC-10 photography.

CONCLUSION: Based on the detail study of the Sunkhaze Stream Watershed, it
is believed that good detailed drainage studies can be derived from repetitiVe'ERTsmi
imagery. Land use maps tailored to a hydrologic study can be prepared from ERTS
imagery. Significant changés in the Sunkhaze Stream and Otter Stréam Watersheds
gt spring flood conditions have given importsnt information on the causes for
flooding in the town of Bradley.

| RECOMMENDATIONS: Repetitive coverage is an absolute necaésity to do accurate
hydrologic and land use siudies. Stereo viewing is better than monocular viewing
of images. Color products are believed to be better than black and white.

Improvements in the image cuality, speed in obtaining color products, closer
repetitive cover and greater sidelap would greatly improve the information thét

can be obtained from satellite imagery.

PRECEDING PAGE BLANK NOT FILMED
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BACKGROUND

For over a decade the Airphoto Interpretation Section of the Maine Department
‘'of Transportation has conducted drainage studies using airphojc.o interpretation
techniques. Hydrological information including watershed area, slope, channel
characteristiés, runoff fac’c.ors,“ water storage areas, land use and other salient
features is furnished to hydraulics engineers for culvert design purposes. These
data have been provided for proposed culvert locations for néarly all new con-
strﬁction and reconstruction highway projects in Maine, Since the mid—fifties
thousands of individual - watersheds, ranging in size from a few acres to over a
hundred square miles, have been evaluated using photo interpretation techniques
with a minimum of field checking.

In Maine it is a standard procedure to acquire both black and white and color
aerlal photography of a five-mile wide band centered on a proposed construction
project about two years prior to actual construction. This photography is used
to provide a variety of data for different highway engineering purposes including
soils, drainage, materials inventory, right of way and environmental information.
These photo int.erpret.ation data are‘used by various departments for planning,
location, deaign, preliminary engineering and actual construction_‘ of the roadway.

For drainage studies of watersheds 169 than 1000 acres in extent, the recently
flown photography along a five-mile wide band is adequate for obtaining data on
current land use and other d;mamic fa‘tétors‘ﬁhich influence runoff rates, or criteria
which are vital fdr culvert design purpeoses. For larger watersheds extending out=
side of the five-mile wide band covered by recent photography it is often necessary
to use coverage which may be 10 to 20 years old. This photography is not suitable
for acquiring accurate land use infomatibn.



OBJECTIVES

The major short term objectives were:

.A' To determine if up~to~date hydrological information useful for the design
of large drainage structures can be gleaned from satellite data. The imagery w111
be used: |

1. To monitor and map high water levels during tﬁa spring break up
period at the different climatic subdivisions of tﬁa State.

2. To locate and measure water storage areas.

3. To develop a land use classificatidn system tailofed to runoff
characteristics assoclated with peak flow criterlia required by culfert and
bridge design engineers.

B. To monitor snow cover conditions, by climatic subdivisions, during the
melting period.

€. To monitor major. floods and prepare maps for damage assessment purposes.

Information of the type listed above will be of immediate value and can be
incorporated in standard studies made for current construction projects., The
location and extent of possible hazardous flooding conditions would be of definite

jnterest to maintenance eng:l.neers;

24



TECHNIQUES USED

Standard photo interpretation techniques were employed wherever possible.
Figure 1 shows the three major orbits (A, B, C) over Maine and the two supplementary
orbits (X, D}, There is about 40 percent sidelap of imagery for orbits on successive
days. For three complete orbits the center image would lack about 15-20 percent
stereo coverage. With the progressive shifts in orbita, most of the non-oveflap
area was reduced or totally eliminated, thus providing stereo viewing of almost
100 percent of the State on images obtained within one year.

Stereo viewing is greatly preferred to the viewing of a single image, and
stereopairs of different bands such as 5 and 7y 4 and 6, etc., can be combined
for enchanced data extraction, Of part.icuiar value was viewlng stereopairs or
similar images of the same location 61‘ different Vseasons. As éxamplas, high water
vs. low water (23 April vs. 22 July, Figures 2A through 2D), or winter snow cover
vs. summer. This type of viewing made interpretation of the limits of flooding,
typé vegetation and height of vegetation possible to distinguish. This was of
particular value when prdojections were made for enlargement and tracing., Only
one image at a time could then be viewed, and frequently reference was made to
the paired images for proper identification of tonal changes in the projection.

Stereo viewing was found to be most useful of black and white transparencies
where these were available. The black and white prints wers extensively used for
recording information, tracing and ft;r general display. A black and white print
was often used in combination with a transparency, using the print to write on,

Projection of images was usually for tracing. The 9 X 9 inch (1:1,000,000)
black and white and color composite transparencies ﬁere projJected to scales of
1:62,500 and 1:125,000, using an overhead’projec_tor, or by' extracting a 'ZCmm' slide
of the area of interest. The best resolution was obtained at a scale of 1:125,000.

By far the most extensive projection was done of 70mm positive transparencies.

3.



O

=
w
Govemr | oeana | rew | tew LTl -
i omer L]
L
t =
" I Tt
s s s A
: «
. iomr | v |1 rann | man | an | e | vome | e B
i B S s =Gl Il - e B el R el — -
o | e b oo | e i o] bt | vain | ame | v | oreme |t
Lol I Ol il e 3 Bl IR Bl
vomy | yenn e T v b orra e
- wa | - - =
s w
] e | oy | e cang | vemm [ oo |y 1w | e | ovem u —
s R | ur o | =
—
- I3
i
—— 4
Tl H
—
1] i
P
ey
1 9
1Y
ok et
o Sarn
g an f
iy =~
o Py
e | m—— =
e -
o e b O =7 el rema | sian | v e T o
—— | E " o LR
[ e | iy CY[Im -t A o
’ LT T e T - " e RN = T e | TR | T
T by T S ot
e (= “ e M
e o\, T T foy
kg
EIOTR rvont

- \
He AN -
o *a !
i
noud
aus reris [P WP =, s
Sobmery
N \
Tieay, | TR m Ly w3 WA
o "
sty
[
A
[ ey
e
s X wnres -
e o s -
— ot z o
i - -
b banad - - e L
| - e
| el i T ¥ o PR i a s .
H — e
1 ® LI L n \ e 1 ]e °
b w e
e [t J - o o -
oan | et e
A
" s (. =
u — 4
I =] b _ &
g ey e A Lty
H P L Cnpy, Camiss. -
— - Vo
LI — et ¢ ] sa
e N e o ¢
- et ~
e J veren ¥ wiel w A
w ARORO IO KT s e ff N i,
- e g by L ke " )
LT b LA u j et
/ v
o€ Ji . - [}
- )
(] L] .

| ¢ | MAINE
ot ERTS-I PASSES

M SUNKHAZE STUDY AREA

FIGURE |

>




Both 35mm and 70mm slide projections were used., These images were enlarged to a
8cale of 1:125,000 with compatible results compared to the 9 X 9 projections at the
same scales Color composite prints and transparencies were also used. These were
handled in the same manner as the black and white positive 9 X 9 products, and
added greatly'to the vegetation interpretation. The major disadvantage of color
composites is the limited number available to date and the extreme delay in their
arrival, some as much as a year and a half after the date of imagery.

LEVELS OF OBSERVATION:

Once a specific study area had been selected, the following method of obser-
vation was attempted:

1l. The area of interest was studied in as many different image pairs as
possible, using the methods above. The differences betwesn bands, seasons, snow
conditions and water conditions were noted. The images that showed the different
qualities desired were projected and traced. All changes in tones and contrasts
betﬁeen bands were traced, Labeling was baséd upcen only limited lkmowledge. Some
tonal changes that could not be identified were left blank.

2. This tracing was checked against U=2 photography. Because the U=2 RC-10
photos are about the same scale (1:125,000). as most of the ERTS tracings, the
tracing could be directly overlayed on the ¢ X 9 CIR transparency. A U=2 map or
tracing_was also generaﬁad. Wo then went back to the ERTS image and tried to see
any other changes not noted before, kﬁouing better where to look, After raferencing‘
and relabeling the ERTS map, conventional airphoto coverage was studied.

3. The standard air photos used in most of this study are at the scales of
1:43,000 and 1:20,000, dated 1942 and 1958 respsctively. The land use is, therefbre,
not up to date but fortunately this area~ﬁas experienced little change in the land
use pattern. Major changes are abandoned fields reverting to forest and scattered

cutting operations in woodlands.

5



It should be noted that the larger scale black and white photos pfovided
relatively little additional information over the U~2 CIR transparencies. Very
large scale coverages of the study areas would be helpful, but are not available,

L. For the specific study phase of flooding, low altitude 35mm oblique color
slides were obtained which profidad excellent ground truth detail as in Figures
12 and 13, Page 37.

5 The final level of observation was actual “walkover" of points of interest,
with detailed field checks. Vegetation cover and extent of high water were recorded
and observations made of areas not covered by the low altitude photography. Ground
surveys were made to determine spot elevations at critical points of interest.

SELECGTION OF STUDY AREAS

Scenes imaged 23 April 73, iD 1274~24553 and 1274-14551, gave the first oppor-
tunity for selecting hydrologic study areas.

The 23 April images were compared with 1 September 72 images, ID 1040-14543
and 1040-14540, and 22 July 73, ID 1364~14544 and 1364~14541 (Figure 2, A through D),
for comparison of flooded areas in the Penobscot River watershed. The 23 April 73
imagery is of importance because the flooding along the Penobscotl River was the
third highest level recorded since gauging stations were installed in 1918. Ievels
higher tﬁan the 118.91 fobt ﬁark on 1 May 1973, were on 1 May 1923, 126,7 feet,
and 23 March 1936, 123,25 feet, recorded at the Sunkhaze gauging station.

Tables 1 and 2 list the changes in water elevation before and after the 1 May
73 flooding. The 23 April 73 imageryoccurs 8 days before maximum high water on
1 May. The value of this imagery is that it presents a good picture of spring
flooding by high runoff from snowmelt and normal spring rains. Snow on the lower
Penobscot was gone by 12 April at Bangor,’but in the uplands areas 2 feet of snow
was still on the ground on 5 April and most was gone less than 2 weeks later on

22 April at Greenville, {Greemville is not in the Penobscot River watershed, but

6.



SUNKHAZE GAUGE ELEVATIONS

U.S.GQS. DA-TIJM

TABLE I
DATE 12 MID, 6 MM, 12 NOON 6 PuM.
April 20 110,75 110.95 111.20 111.30
21 111,45 111,50 111.50 111,50
22 111.50 111.50 111.50 111,50
23 111.55 111.60 111.75 ERTS  111.95
2 112,20 112.45 112,75 112.95
25 113,15 13,30 113.35 113.35
26 113.35 113.35 113,30 113.20
27 113.15 113.05 112,95 112.90
28 112,85 112,85 - 113.05 113.6_5
29 11h.55 114,95 © 115.25 115.50
30 115,50 115,50 118.76 118.76
My 1 . 118,76, 118.91 118.91 18.41
2 118,41 118.41 118.61 116.96
3 116.96 | 116,41 116,41 115,86
A 115.36 115.86 115,56 115.56
5 115.56 115,56 115.01 114,81

'



TABLE 2

Changes in Water Elevation Precipitation
From 12 Midnight to 12 Midnight Millinocket Bangor
Sunkhaze Gauging Station in feet in inches

April 20 —

21 40,70 0,02
22 40,05 0.37 0.15
23 +0,05 0.15 O.14
2l +0,65
25 40,95 —_— —
26 40,20 ——
27 ~Ds 20 0.83
28 =0, 30 : 1,73 1,18
29 +1.70 1.‘75" 0,02
30 40,95 0.05 - 001
May 1 3.26 0.01 | —
2 —0.35 ——
3 -1, 45 s r—

Snow on ground. All snow at Bangor was gone by 12 April 73.
At Greenville snow went from 21 inches on 5 April 73 to none on 22 April 73.
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PENOBSCOT RIVER WATERSHED

FLOODING IMAGED 23 APRIL 73
liD 1274-14853~6)
MAJOR FLOOD AREAS (DENTIFIED:
{A) SUNKHAZE STREAM,(BIPUSHAW STREAM-
MUD POND AREA, {C)PASSADUMKEAG RIVER

COMPARE WITH NORMAL WATER LEVELS
IMAGED 22 JULY {FIGURE 25)

SCALE 1:250,000

9 FIGURE 2A



PENOBSCOT RIVER WATERSHED

NORMAL WATER LEVELS IMAGED 22 JULY
{iD 1364-14544-7)
FLOOD AREAS IDENTIFIED ON
23 APRIL 73 IMAGERY {FIGURE ZA)}ARE:
(A) SUNKHAZE STREAM(BIPUSHAW STREAM-
MUD POND AREA (CIPASSADUMKEAG RIVER

SCALE 250,000
0 . FIGURE 28




UPPER PENOBSCOT RIVER WATERSHED

FLOODING IMAGED 23 APRIL 73
(1D 1274 -14551-6)
MAJOR FLOOD AREAS IDENTIFIED:
(D} SALMON STREAM.EIMAT TAWAMKEAG RIVER

COMPARE WITH NORMAL WATER LEVELS
IMAGED 22 JULY 73 (FIGURE 20)

SCALE 1:1250,000
i FIGURE 2¢C



UPPER PENOBSCOT RIVER WATERSHED

NORMAL WATER LEVELS IMAGED 22 JuLY 73
(1D 1364-14541-7)
FLOOD AREAS IDENTIFIED ON
23 APRIL 73 IMAGERY (FIGURE 2C)ARE:
(D) SALMON STREAM,(E)MATTAWAMKEAG RIVER

SCALE ):250,000
12 FIGURE 2D




is the neares.t station reporﬁing snow on the ground in an upland area,) There is
some indicetion on the 23 April imagery that the upland areas around Mt. Katahdiﬁ,
within the Penobscot watershed, still had anow on the ground., A color composite
of the scene might help answer this question, but is not available; to date. That
the flooding on April imagery is high water associated with spring runoff is
suggested by the dropping of the river on April 2'7 and 28, shown in Tables 1 and 2,
Within the Penobscot watershed five potential sites of flooding were selacted,

The areas of major flooding are noted on Figures 24 and 2C for 23 April 73,

ID 127~14553=6 and ID 1274~1}551=6, The respective non-flooded areas are indi-
cated on Figures 2B and 2D for 22 July 73, ID 1364-14547 and 1364=14541~7. The
flooded sites are (A) Sunkhaze Stream, (B) Pushaw Stream-Mud Pond area, (C)
Passadurkeag River, (D) Salmon Stream and (E) Mettewamkeag River.

WATER COVERAGE:

Each of the flooded areas was examined an the 9 X 9 inch black and white
transparencies and prints of 22 July 73 and 23 April 73 imagery. It was deter-
mined that Band 6 is best :l’of anlargemenf and closer study, due to the noise in
the scan lines on Band 7 (23 April) and the ability to detect water better on
Band 6 than on Bands 4 and 5, The 70mm iransparencies were cut to 35mm slides
and projected to thé scale 61‘ approximately 1:125,000, The resulting tracings |
for flooding are shown in Figures 3, A through E,

Four categories of blackegray image could easily be detected in the projection
as being water—-cweréd terrain or flooded tracts. These grays and blacks are the
darkest shade,s' present in the images, as water has the least reflectance in the
infrared wave lengths, The categories are (1) open water, darkest black probably
deepest water, no vegetation showing at the water surface, (2) shallow water, mdstly
open water with no vegetation showing, (3) shallow water, with some brush and swamp
hardwoods showing, and (4) water in hardwoods, with some softwoods.

13.



FIGU

DETAIL OF SUNKHAZE STREAM AND
PUSHAW STREAM-MUD POND FLOOD AREAS

J=EGEND

.~ Detp water, open

ENLARGED FROM ERTS—I SCENE
IMAGED 23 APRIL T3, ID 1274-14333~8

2~ Shaliow water, open

APPROX SCALE F123,000

3 - Shallow. water, swomg hardwoody ond brush of swurfose
4.~ Shailow water in herdwood-end seftwosd



FIGURE 3D
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FIGURE 3C

LEGEND

|~ Deep water, open

2.~ Shallow water, open
3. - Shallow water, swamp hardwoods and hrush at surface

4.~ Shatlow water in hardwood and sof twood

DETAIL OF PASSADUMKEAG RIVER
8 SALMON STREAM FLOOD AREAS

ENLARGED FROM ERTS-| SCENES
IMAGED 23 APRIL. 73

APPROX. SCALE HI23000
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CLOUDS

2- Shallow water, opsn
3~ Shallow water, swomp hordwoods and brush of surface
4~ Shollow water in hardwoods and softwoods

ENLARGED FROM ERTS-! SCENE
(MAGED 23 APRIL 73, 1D 1274-14551-6

APPROX SCALE k123,000
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Talulation of Water Cover in Figures 3, A through E

TARIE 3
Increase
_ Types of Water Cover {Square Miles) 142434, Over 4 .
FLOODED AREA 12 3 L 142 14243 Normal Normal Increase

Sunkhase Stream 2,273 2,721 0130 1753 4999  5.128 6,881 0 6.881

Pushaw Stream and 9.285  4o09L - 2,857 1428 13,376 16,233 17.661  T.72h  9.937 @ 28%
Mstbawanieag River 1.862 V37l 16,233 3.085 13149  528%
Salmon Stresm he347 1.280 08

1, Deep water;open
2, Shsllow water, open

3, Shallow water, swamp hardwood and brush at surface

L. Shallow water in hardwood and softwood

he347-

3.067

TOTAL TNCHEASE- 38,3580 Sg, Miles



Table 3 glves the summary of flooded areas vs, normel water area. There is
a 38.358 aq. mile total increase over normsl water cover detected on the 23 April-
images for these five flooded areas. Examindtion of the two contrasting images in
Figures 2A through 2D revealé there are soveral other rdvers and gtmams that could
also have been examined for incfeaée;i water coverage.

Since all five watersheds could ﬁot be examined in cieta:l.l, the Sunkhaze Stream
ares was selected for detailed data collection and examination because of its close
proximity to the solls office and ralativg ease of access. This site ﬁas repetitive
stereo coverage by ERTS-1 images (Table A4), and is ¥mown to have undergone repeated
. flooding. In 1973 there was high water on 1 May and 25 December. There is also a
need to understand the repeated fleoding of the town'of Bradley by Otter Stream and
the Penobscot River, Otter Stream reéeives a ﬁortion of the Sunkhaze overflow due
to backwater flooding by the Rivers A gauging station at the confluence of Sunkhaze
Stream and the Penohscoi River, Operated'by Bangor Hydro Elactric Company, allows
accurate correlation otl' water elevations at the mbuth' of the stream with conditions

upstream.

Scenes Imaging the Sunkhaze Stream Watershed

TARLE L
ORBIT A ORBIT B
18 September 72 1057=-14484 1 September 72 104O=14543
17 December 72 1147=14493 5 Janvary 73 1166-11,550
22 Janary T3 1183=-14491 10 February 73 120214552
27 Pebruary 73 1219-14495 28 Fehrvary 73 122014553
13 September 73 1417=14480 23 April 3 1274~14553
1 October 73 1435-Lu473 22 July 73 1364=14541; -
19 October 73 14531001770 7 November T3 1LT72=1L523
2J, November 73 1489-14464 13 December 73 150814521

DATA COLLECTED
Tables 1 and 5 are the records of the water elevations at the Sunkhaze gauging

station for 1 April to 5 May 1973 and for 1 Dacember to 21 December 1973.

It esn be



SUNKHAZE ELEVATION .
December 1, 1973, to December 31, 1973

TAEIE 5
Date 12 Mid, 6 A.M, 12 Noon 6 PoM,
Dec. 1 | 105430 105.35 . 105.40 105,40
2 105.30 105,25 105,20 105,10
3 105.05 104,95 104.85 104,80
I 104.75 10475 104,70 104.60
5 104435 104450 104450 104,465
-6 104,75 104,90 105.10 105,60
7 106,20 107,00 107.45 107.75
8 107.80 107,85 107.80 107,70
9 107.50 107.35 107.05 106.90 -
10 106,80 106,90 107.15 © 107455
1 108,30 108,90 109,30 109. 50
12 109,50 109435 109.25 109,10
13 108,95 108,75 108,45 ERTS 107.95
U, 107.80 107.65 107.65 107.65
15 107.65 107,65 107.70 108,15
16 108,80 - 109.20 109.45 109.45
17 109,45 109,20 109,10 109.00
18 109425 : 110.25 111.60 112.85
19 213,95 114.75 114.85 114.85
20 114,85 114,50 114,15 113.95
21 113,50 113,10 112,80 112,70
22 113.20 114,05 114.80 115.10
23 115,20 115,20 115.20 115.25
28 115.55 115.75 115.75 118,85%
25 118,85%* 118,85* 113.80 113,35
26 113,00 112,65 112, 50 112,45
27 112.45 112.25 112,10 111.90
28 111.80 111,60 111,35 111.10
29 110.85 110,65 110,45 110,35
30 110,20 110.10 - 109.95 109.75
3. 109,60 109,20 109.05 109.00

% 118.85 using different datum for which there is an unkmown conversion factor to
USGS datum,
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seen from the April-dMay elevations that two peaks were reached, onb on 25-26 April
and a higher one on 1 May. The DecemB‘er elevationa show an increase from 105 feet
on 1 December to 115 feet {(+) on 25 December 1973.

Table 2 shows the rainfall 'at.. Bangor and Millinocket for 20 April and 5 May.
Table 6 is the snow on the ground st Greenville and Bangor from 1 to 25 April.
Table 7 is the rainfall st Bangor and Millinocket for December 73. Bangor is
located on the Penobscot River 15 miles south of Sunkhaze Meadows, and }ﬁllinocket
is located on the west branch of the Penobscot about 55 miles up-stream from
Sunkhaze Meadows, Shown on these tables is the date of ERTS-’-lk‘imagery.

Figure 4 is a graph of the normal river gradienb between the mouth of Sxmkhéze
~ Stream and the County Road crossing st Baker Stream ‘(Seei Figure 5). The_nomai
elevation is 104.6 faet at the mouth and 111.2 feet at the County Road Bridgs. The
slope is 0.95 feet/mile down to the Sunkhaze Stream Bridge. ‘

| Figure . 6 :Ls a profile of the ~southeast meadow (See F:Lgure 5 for- location)
traversing east to west from the ‘eas’t edge of the meadow to the first definite sign
of high uatei-. | The signs for high water were sticks and branches lodged in the tops |
 of the low meadow brush, The highést-' point in this meadow is over 121 fest. The
highest elevation of the first sigﬁ of ﬂo&ding is about 119.6 feet, at the top
of & humock where the branches were ladged. The lower elevation ab this point
is 118.‘1 feet}, measured byt.ransi.t -si'u"ve;r; i The water elevation of 119.6 is in
good agreement with the high water level of 118,91 feet messured at the Sunkhaze
gauging station. It can be ‘seen from the ecross section of the bog that the two
previously recorded floods were higher than that of 1973 and covered the entire
meadow surfacé; 1 May 1923 (126.7) and 23 March 1936 (123.25) '

Flow directlons were moted from debris caught in trees on the Sunkhaze River
levee. These directions were reverse flow parallel with the stream, The debris
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DECEMBER 73 PRECIPITATION

TABLE 7

Millinocket (Total 1G.41) Bangor (Total 8.4L)

Dec, 1 — —
2 it ——
3 — T
" .20 T
5 .10 0.39
6 1.00 0.32
7 — —
8 — —
9 — 1.12
10 1.35 0.02
11 0.05 0.35
12 .23 T
13 —— ERTS — ERTS

Ve e 0.6L
15 .78 0.07
16 — 0.27
17 .60 2,93
18 3.48 T
19 _  —
20 — 0.09
21 .68 ' 1.43
22 1.34 —_—
23 — T
25 T —
25 W 0.03
26 0.15 0,10
27 — 0.19
28 0.25 0.35
29 0.17 - T
30 0.03 0.0
31 —— 0.10

There were only trace amounts of snow anywhere in Maine in December.
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consisted mostly of twigs, leaves and small branches in the tops of small trees |
8-10 feet high, The exception to thls was a-larger pile of logs, stlcks and leaves
against the downstream side of a tree. TFrom perscnal observation of Sunkhaze River
whers it passes under Route 2, it has been seen that the reverse flow of water from
the. Penobscot .i'ea very rapid and ‘of very large volume into the meadows during flood
stage.

On 18 December 73 there wae; little flow in Otter Stream through the culverts at
Call Road. On 22 December 73 water flowed over the road 3 feet deep and 50 yards
wide. The water elevation at Sumkhaze gauging station was 111.6 feet on 18 December
73 and 114.8 fest on 22 December 73. Baiween these two dates, backflow from the
Penobscot River breached this divide between Otter Stream watershed and the Sunkhaze
. Stream watershed, The difference in water elevation between the two dates was 3.2
feet., Therefore,‘ when the Penobscot rises above 113 feet at the Sunkhaze confluence
it will backflow up the Sunkhaze drainageway into the Otter Stream watershed, com—

pounding the flood problem at the Town of Bradley.

DRATNAGE STUDY OF SUNKHAZE WATERSHED AT NORMAL WATER ELEVATIONS

Three different methods of drainage studies are attempted. These are by USGS
topography map (scale 1:62,500), RC-10 U-2 photography (séale 1:125,000) and ERTS-1
jmages (enlarged to 1:125,000}). '.fha USGS base maps were haif-sized for ease of
comparison with U~2 and ERTS maps drawn to approximately the same Bcale.

In all the 'studies the area of the total watershed, area covered by swamps. and
area covered by lakes were measured. Sincé the main stream charmel lengths in the
different maps were about the same, that derived from the USGS maps is used. (2
miles from the mouth of Sunkhaze to the ridge line)s The slope of the watershed
main chanmel was also derived solely from the topographic maps (9.5 feet/mile
measured from 2.4 miles above the mouth of the stream and 3.6 miles from the ridge

line, using the Benson formula), The resulting data is summarized in Table 8,
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TABLE 8

Area — Square Miles Percent of total area

Slope
Total Total  feet/
Total Swamp lake Storage | Swamp Lskes Storage mile
USGS Map : 101,68  16.24  0.12  16.35 16.0% 0.119% 16,114 9.5
Sunkhaze Stream
v-2 (RC-10) 95,26 15.46 0,13 15,58 16.33% 0.13% 16,375  ——e
Sunkhaze Stream ' : .
ERTS~1 Imagery 98,70 15.73  0.31 16,03 15.93% 0,31% 16,258 e
Sunkhaze Stream
USGS Map 10,64 1.22 0.2 l46  143% 2.28%  13.71%  36.6
Otter Stream

Iand use maps of the watershed were also derived from the U-2 photographs and
the ERTS images. The relationship between pesk runoff and'tha land use pattern in
a drainage basin is st present only vaguely mder&boﬁd. Enger (et al, 1972) briefly
mentions a composite land cover ;;é.i-ametef but does not use this factor in the final
get of recbmended équaf.ioné for an eé.tiinated peak runoff. The probable reasons
for not using a land use or land cwéi' pﬁfameter in most hydrological equations at
present is the difficulty in measuring the parameter, éhd_f.he difficulty in proper
weighting of the data in the final 'mmig of the -‘watershed. This study attempts
to determine the ‘measurabii:i.ty of‘iand' use ‘factors from f.;he various scales and types
of imagery and photography, not the weight or importance to be attributed to this
parameter.

DRATNAGE STUDIES:

Figures 7, & and 9 are drainage haps derived from ERTS images, U~2 photos and
topographic maps respectively. The black areas on these maps are dpen water and
the lighter shades are swamp aress. Data derived from the different maps is given
on Table 8, Areal measuren‘:ents‘ from the three maps are surprisingly close, the

greatest error being sbout 6 percent, for total area and for water étorage areas,
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ERTS derived drainage map (Figure 7) is a combination of scenes imaged on
three different dates. These are 10 February 72 color composite (4, 5, 7) and black
and white, ID 1202-14352, and 23 April 73, ID 1274~14353, black and white trans-
parencies, and 1 September 72 color composite (lh, 5, 7) ID 1040-14543. On the
10 February 73 images cleared areas are outlined, as are features indieative of
watercourses, The ridge line for the basin was delineated on the color composite
of this date, supplemented by the stereo pair using 22 Jemuary 73, ID 1183-14491
imagery, This allowed fairly good definition of the ridge line in the mountainous
area on the eastern end of the basin, To define the ridge line around the rest
of the watershed required lucathzé streams, channels and swamps, and obaerving
their flow direction. If they flowed into different watersheds the ridge line
was located between the ends of opposite flowing streams,

Tﬁe 23 April imagery aided in the delineation of stream chamnels and sny wet
areas. This imagery also helped identify somé softwood and hardwood-covered bogs,
and some small wel arsas subsequently identified as beaver flowages. Ons large
area labeled "blueberry fields" on the U-2 land use map (Figure 16) was believed
to be an open swamp on 10 February iﬁég&ry. The vegetation was identified as low
bush from the 1 Sepbember color composite. On the 23 April black and white transe
parencies this area showed no signs of being a raised bog, and thus was not included
as a swamp storage area. The area was confirmed not to be swampy on U~2 photos.

Figure 8 1s the map traced from U-2 RC-10 coverage flown 24 March 73 {Photos
#9930, 9931, 9934) and 17 September 73 (Photos #i340, 4341, 4242, 4352, 4353). It
was found that the 24 March 73 photos have better resolution of topographie féatures
than the 17 September photos, This is primarily due to the lack of leaves and the
effective snmow enhancement in the March 24 photography. The 17 September photos were
best for determining storage and stream patterms, particularly valuable in very flat
areas with poorly defined drainageways. In these areas the hardwoods along the streams
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aided in stream delineation. The main problem with the 17 September photos was
identification of softwood swamps, which sre better determined on the 24 March
coverage,

Figure 9 map was compiled from 1:62,500 USGS topographic maps reduced to an
approximate scale of 1:125,000, The ridge line and storage areas of the topo-
graphic maps were checked against available large scale photography. The agresment
between the topographic map and the photos was good. |

COMPARTSON OF ERTS AND U-2 DRAINAGE STUDIES:

Figure 10 is a composite of the U-2 and ERTS drainage studies. The outer
lines are the different ridge lines, which become more generalized from the U-2
to ERTS, This is as expected because of the loss of detail with the progréssively
smaller scale of the various products, On Figure 10, only four of the larger
storage areas (éross—hatchéd) and one ma;ior stream section have been completely
omitted on the ERTS drainage. These are‘mostl}.r_ softwood swamps. Areas that sre
shaded were believed to be storage areas on ERTS images but were not seen as
storage areas on U-2. The major differences between U-2 photos and ERTS imagery
are the areas adjacent to the storage areas delineated on U-2 (not coded, enclosed
by fine line on Figure 10). Taking the' locations of these areas and checking
-2 CIR and 1:43,000 black and white photos, most of these areas are hardwoods in
low areas adjacent to the swamps. They are, in part, vaileys and basins with drainage
barely adequate to keep them from being swampy. The reasons the areas were seen in
ERTS as storage areas and mot on ‘U-2 as storage areas appears to be seasonal variation.
Most of tﬁe ‘areas were identified on 23 April 73 images. This was near the time of
pesk Tunoff for this part of Maine. Areas thet are nearly flat or have drainage
retarded would be saturated and .parhaps"wate.:.-u-cwered at this season. These extra
areas may not be true storage areas except at highesb fnnoff, as 23 April would be,
‘There are considerably more ponds visible on the ERTS image than seen on U-2,
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SUNKHAZE STREAM WATERSHED
COMPARISON OF RIDGE LINE DELINEATION FROM U-2

& )/ RC-10 PHOTOGRAPHY FLOWN 24 MAR T3 WITH RIDGE LINE
SWAMPS DETECTED ON U-2 PHOTOS BUT NOT \* DETERMINED FROM ERTS IMAGE OF 10 FEB 73, 10 (202~
—~ |

DETECTED ON ERTS IMAGERY A4S SWAMPS \ / 14552 (HEAVY DASHED LINE ). $HADED FEATURES NOT SEEN
' ON THE U-2 PHOTOS WERE DETECTED ON ERTS SCENE
: - |MAGED 23 APRIL 73, PROBABLY BECAUSE OF FLOODED
CONUITIONS. (1}SWAMP SOFTWODD AREAS, (2) BEAVER
FLOWAGES, (3)HAROWOOD AREAS IN LOW TERRAIN, (4) ROWOS

COMPARISON. OF ERTS AND U-2 DRAINAGE STUDIES [EMTIFIED AS STREAMS ON ERTS IMAGENY
1 : - _
OF SUNKHAZE STREAM WATERSHED : - APPROX. SCH-E k125,000
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Wood=covered swamps cause the major problems for storage identification on
ERTS images. They do not appear much different from other woods of the same type
(softwood or hardwood) in the winter and summer imagery. On 23 April some softwood
swamps have & darker tone than the woods around them because of increased water at
the base of the trees. These softwood swamps that are identified on 23 April imagery
have thin tree cover (spaces between trees large enocugh 1:l.o see water below). The
softwood swamps that have thick cover appear little different than normal softwocd,
Hardwood swamps could only be identified with certainty on spring images. All the
hardwood storage areas seen on U-2 were detected on 23 April imagery in addition to
other areas as mentioned bafore. T¢ is felt that a color composite would have
helped, but none has arrived to date.

In sumary, it is felt.that from ERTS alone, using good quality color images
of uintei-, spr:i.ng (high water), and ‘summer (1eaf on), that for a large watershed
a respectable drsinsge study car be obtained. If this is supplemented by larger
scale photography to sid in problem areas, such as areas of low relief or poorly
developed drainage, these studies can be brought up to within acceptable limits
for a hydrological study on this seale.

ERTS DETECTED CHANGES IN THE SUNKHAZE WATERSHED DUE 70 FIOODING

At normal water elevations, Otter Stream and Sunkhaze Stream flow :Lnté the
Penobscot River 5 miles apart, as shown in Figure 9. The area of Sunkhase watershed
ig 101,68 square miles with 16,0 percent in swamp storage and O.il percent as open
water storage (lakes and ponds), Otter Stream watershed is 10.69 sq. miles with
11.48 percent swamps and 2,28 percent pond storage (Table 8). The drainage studies
discussed in previous sections are for normal water elevations.

on 23 April 73 imagery, ID 1271;-134555. major changes wers detected in Sunkhaze
and Otter Stream watersheds, Figure 11 shows these changes, tranaferred to a
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1:125,000 topographic map. The field data cbllected for these changes is on Pages
25-26 of the "Data Collected" section. The data"is briefly, from personal observation:

1., The Penobscot does flow backwards up the Sunkhaze Streem.

2. That Otter Stream flows directly out of the Sunkhaze Stream watershed at
high water conditions. From ERTS images on 23 April (1) Sunkhaze Meadow 18 flooded
with 5.13 sq. miles of water, (2) Otter Stream watershed increased from 0.2 sq.
miles of water cover to 0.85 ag. miles (3) Otter Stream could be seen to drain the
Sunkhaze Meadows flooded area through two channiels, and (4) there was a considerable -
increase in imumdated wooded areas over those seen on U-2 photos and topographic maps.
As wss mentioned nder the section on ERIS drainage studies, most of this increased
immchﬁidn of wooded aresas wag in areas adjacent to swamps end was located in topo-
~ graphically low areas., These are water covered areas because of' the increased
runoff of spring melting. -

. Figure 11 is the resulting rea_rrange& drainage of the Sunkhaze, Otter Streams
and, in part, the Penobscot River watershed at spring runoff conditions. Otter
Stream is draining all of the normel Otter Stream watershed, plus all of Sunkhaze
Stresm watershed and the Penobscot River ﬁﬁter that :i_.h being puéh‘éd up Sunkhaze
Stream, The backwater from the Penobs.cd'b m.ver aloﬁg with the runoff from the
Sunkhaze watershed forms a large m. hirphofos of this lake were taken on 3 May
73 (Figures 12, 13), These photos ﬁgre taken when the Penobscot had receded some
from its highon 1 May 73 (Table 1).

The result of this dramatic change in the size of Otter Stream watershed ie
periodic flooding of the Town of Bradley, located at .the mouth of Otter Stream.

The town was flooded on 1 May 73. This is felt to be pari_;ly the result of water
backup beh:l.ndla culvert designed for é normal Otter Stream watershed, aided by a
rising Penobacot River.
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FIGURE 12
Sunkhaze Stream Flooding
3 May 1973
Looking S.S.W.; Milford and 0ld Town are in distance.

FIGURE 13
Sunkhaze Stream Flooding
3 May 73
Looking N.W. along Baker Stream
The County Road crossing of Baker Stream
is in the left foreground. Southeast
Meadow is in right center.
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Conditions very similar to those of 1 May 73 recurred on 25 December 73.

Ten inches of rain fell in December and again Bradley was flooded. The closest
imagery to 25 December 73 is 13 December, ID 1508-14521, during a break in the
heavy rains of December. Figure 14 is an enlargement to 1:250,000 which shows
flooding in the Sunkhaze Stresm watershed and Pushaw Stream and Mud Pond area.
Compare this with Figure 2A, 23 April. The flooding on 13 December in the
Sunkhaze watershed is not as extensive aa on 23 April imagery, and Otter Stream
has not yet started to drain through the divide between Sunkhaze and Otter water-
sheds,

It can be seen that fluctuations in the level of the Penobscot River are
reflected by backwater flooding in the Sunkhaze Meadows. Because of the low
divide between Otter Sbream‘ and Sunkhaze Stream, O'Et.er Stream becomes the only
drainageway for Sunkhaze and part of the Penobscot River's waters, The elevation
where major flowing into 'Oti.;er Stream t.akes place is around 113 feet. Before this,
the flow can be seen acroas the divide, but from pers_cmal\, observation, there is not
a significant amount of water until it has risen to 113 feet.

LAND |

A Jland use parameter is curr;antly used in the preparation of MIOT drainage
studies, applicable to drainage areas of 1000 scres and gsmaller, This IAND USE
and_SLOPE FACTOR (LF) is a Judgment i‘ac'bor deternﬂ.ned f;‘ram aerial photog-aphlc
coverage of the area of interest by experienced photo interpreters, and is
included in the data supplied to ‘design engineers for use in ™method B", the “B,P.R.
1021 Series™ formula for the deteminat:i;on of peak rates of runoff, The LF factor
18 based upon the vegetation charactafist:!.és_within' the basin of interest, as seen
on mas@bh timely airphoto coverage, and the general slope of the major water-
course, as estimated from a:l.rpﬁoto inspection olr as determined from a topographic
map. For example, a watershed having mostly forest cover and a slope of less than
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2 percent would rate an LF of 0.2. Conversely, pastureland combined with fairly
steep slopes would be assigned a higher LF of about 0.6. An extreme example would
be a small steep watershed in which a large percentage of area is occupled by bare
s0il, ledge outcrop and/or pavement, which would justify the maximum LF of 1.2,
The int.erpretér'a Judgment and acuity plays an imporf.ant role in weighing the
significance of variables of vegetation, slope, soil ltype and storage areas within
a watershed relative to their size and location.

The effect of land use apparently decreases as the size of the watershed
increases beyond 1000 acres, although major progressive changes over a period
of years, such as large clear cub woods operations, may ultimately have an effect
on watersheds of several squai-e miles, Current research within the State of Maine
and several other locales is ‘aimed towards gathering data for a better understanding
of the interaction of land use and hydrographic properties, The long range study
of repetitive and synoptic ERTS-1 imagery will eventually provide valuable infor—
mation toward this end. | o |

Three similar land use classification systems are discussed: (1) Land Use
Classification System For Use With Rémote Sensor Data (USGS CIR 671, 1972), (2) =
land use classification system de.veloped by the Maine Planning Commission, and
(3) a land Use Peak Rumoff Classification System being developed by Ernest G.
Stoeckeler (Maine Department of jT:t'axs\;._q:m::-t',,atd'.on). These are listed in Tables 9,
10 and 11, Table 11 being a revised copy oi’ the oz_-ig:_i.nal USGS clasaification
published in 1972, The other proposed systems were derived for use ‘i.n Maine.
The USGS system will be discussed only pert.a:!;r;ing to those features relevent to
Maine,

The system on Table 9, by Stoeckeler, was derived to be used specifically
for Mdroloﬁc studies., The other two are general purpose classifications that
give enough categories for alﬁost all users, specifically for area planners who
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TAND USE~PEAK RUNOFF CLASSIFICATION SYSTEM
Revised Stoeckeler

TABLE 9

A. TForest Areas
1. Softwood forests
2. Mixwood forests
3. Hardwood forests
Le Recently cut over areas
B. Non-forested areas
- le Tilled fields
2. Permanent past.uré
3. Abandonéd agriculture land
4e Builtwup areas
. G+ Water storage areas
1. Lakes and ponds
2. HNon-wooded swamps

3. Woode‘d--s éwamps



need a general overview of a given area. The Stoeckeler classification does not
g into as much detail about bullt up aress, and recent cub over areas are included
as a separate category, making no distinction of forest type. Forested and non-
forested wetlands are included with lakes and ponds as a water storage area
clasaification. From working with the ERTS imagery, particularly color, it is
possible to distinguish different 'typea of bogs and swampa, especially non~wooded
bogs. Sedge and low brush bogs have distinetly different colors on ERTS CIR images
and are combined as nun—forestéd swamps for hydrologic studles.

The classification system 1isted in Table 10 includes all of the categories
of the USGS and Stogékaier systems, and additional categories that can be added
- only by overlay from othér.maps ‘.s'burce's, ".ﬁamely_Stat.e land, Federal land, and
public lots. The _systeui ia particﬁlérly’ ¢érived for use with U-2 CIR photographs
at the scale of 1=125,ooo. _ S

| The USGS system: has tha most. general appl:l.cation. Some level II classifica-

tions can be identified on ERTS in most areas, if supplemented by topographic
maps. | |

The sysi';em does lack an additinl:mal category for recently cut over areas. It
is posaible to see these areaAs, particular;y areas of clear cutting, on summer
images, where dead végetation (slash) that is left has distinctive "killed" or
bare earth appearance. In areas of iarge_‘woods operations the terrain has a
striped appeérance. In areas that hafe small scale operations, either by small
private land owners or on a limited scale by larger companies, it is not possible
to differentiate these areas from mixwood, : because of £he lack of planned patterns
in the logging road systems and the small’scale of cutting is not as thorough.
This type of cutting hga_ occurred in the Sunkhaze watershed. Considerable amounts
of the area have been éﬁt ovéi- to a _mderéte degree, but the rate of cutting is slow
enough to allow new growth to start before large strips are cleared.
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TABIE 10

Land Use Classification By: Maine State Planning Office

1EVEL I LEVEL II

Urban and Bullt-up Land Residential
‘ ' Commercial and Services

Industrial
Extractive
Transportation
Communication
Utilities
Institutional
Dumps '
Recreational
Cemetary
State land
Federal Land

Agricultural Land IT
: Cropland and Pasture
Orchards, Tree farms
Abandoned field
Berryland

Forest land Softwood Land
‘ Hardwood Land
Softwood = hardwood land
Hardweod - softwood land
Recently cut-—over land
Public lots = town forests

Water Streams and waterways
Lakes
Reservoirs -
Bays and estuaries

Non—-forested Wetland Vegetated

Bare
Barren land Beaches

Bare exposed rock
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TABIE II

TENTATIVELY PROPOSED REVISTIONS

FOR

A TAND USE CIASSIFICATION SYSTEM FOR USE WITH REMOTE SENSOR DATA
(USGS CIRCULAR 671)

Prepared by: James R. Anderson, Chief Geographer, U.S. Geological Survey

Getober 1973

LEVEL X
1 Urban and Bullteup Land

2 Agricultural lLand

3 TForestland

4 Wetland

5 Rangeland

6 Water

8 Permanent Snow, Icefields, and
Glaciers

9 Barren land

LEVEL II

1 Residential

2 Commercial and Services (Including
Institutional)

3 Industrial

L Extractive (Excluding strip mining
guarries, and gravel pits, etc.s

5 Transportation, Communications,
and Utilities

6 Mixed (Including Strip and Clustered
Settlement )

7 Open and Other

1 Cropland and Pasture

2 Orchards, Groves, Vineyards, and
Ornamental Horticultural Areas

3 Confined Feeding Operations

I, Other

1 Deciduous ,
2 Evergreen (Coniferous and Other)
3 Mixed

1 Forested
2 Non-forested

1 Herbaceous Range
2 Shrub=Brushland Range
3 Mixed

1 Stireams

2 Lakes

3 Regervoirs

4 Bays and Estuaries
5 Other

(Proposed Level II categories are
currently under study in Alaska
and will be reported separately.)

Salt Flats

Beaches (Including Mudflats)
Sandy Areas other than Beaches
Bare Exposed Rock

Strip mines, quarries and gravel pits
. Traneitional Areas
. Other
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The level II categories of berryland, orchards and abandoned fields are difficult
to impossible to distinguish on ERTS imagery. In the watershed studied in this
report there is a considerable expanse of blueberry barrens in the eastern portlon
of the watershed, These fields were traced as cleared areas on 1Q February imagesry,
as low bush bogs on 1 September 72 images and as being mon-wet from 23 April 73 .
images. A quick check of the topographic map reveals that this area is probably
a sandy deltaie outwash area formed as part of an esker system, and as such haa
excessively drained solls, The ercp thé.t fits such an area in Maine is blueberry.

An abandoned farm might have a similar appearance of low brush, but few farm fields
in £his area exceed more than several acres of cleared land and even fewer are located
on esker delta systems, Only blﬁeberry barrens are consistent with the size and
location of the fields. It is possible to narrow some of the categories if con-
ditions and coverage are optimum. Orchards of the size of those in Maine cannot

be distinguished from wooded areas. Abandoned fields present similar problems,

and these features can be identified with certainty only on larger scale photography.

Iand Use Maps from ERTS and U~2: Figure 15 is a land use map derived from ERTS
images 1040-11+51»3. 1202=14552 and 1274-14553, typed using the classification system
proposed by Stoeckeler. For this- particular watershed, at the scale of ERTS, there
would have been little significant difference between the classification on the wap
no matter which of the three systems had been used.

Where more detail can be seen on ERTS than categories given in the clasgsification
system (hardwood vs. softwood swamps) they will be lsbeled on the area of interest
rather than as a separate categery.

Figure 16 is a land use map derived from U~2 photos. The map was drawn by
averlaying tracing paper on the U=2 photos and tracing the delineations by sterec
viewing, The same classification system was used as for the FRIS map, Ths anno-.
tation was placed directly on the map.
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To type a small area such as the Sunkhaze watershed is not difficult from ERTS
color imagery. Forthis land use mapping, "leaf on" imagery seems to be the best
from what we received to date. At present, winter imagery is the only available

alternative,

CONCLUSIONS

Limitation:

One of the basic limitations of ERTS imagery is the ultra small scale. Scan
lines in the images require informstion to be of certain dimensions to be seen on
the imagery. Beceause of this, much detail is lost. The high altitu&e of imagery
causes stereﬂo viewing to be limited. Reliéf differences less than about 200 feet
cannot be resolved on ERTS images.

To do rapid land typing, an automatic scanning densitometer is a necessity.

It is not felt. that densitometers can detect more or subtler shades than the human
eye, but they have N constancy for picking out one shade or tone and not forgetting
it. The human' eye, as used for land typing, tends to drift and forget exactly what
shade was belng viewed, and views shades relative to surrounding shades, The mind
tends to interpret what is being viewed as it goes along, which can be of some help
as well as hindrance,

Recommendations:

To improve and hasten productivity from satellite imagery, some recommendations
are set forth for the future ERTS Programs which might materially improve the work.

Workers accuqtmed to viewing conventional aerial photography feel very limited
when forced to do monocular interpretation from projections or single enlarged images.
This problem can be lessened by viewing two bands of the same images, but the best
viewing 18 in the sidelap area of scenes :t*roni adjacent orbité. In Maine, 40 percent
gidelap is attained, providing stereo coverage of portions of the State. With pro-

gressive orbital shifts, some additionsl stereo coverage is possible by combining
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ascenea from adjacent orbits and differemt passes. Stereo viewing of select seasonal
coverage is usually limited because 'of weather obscuration of a large percentage of
orbital passes.

Obvious improvements desired by investigators oriented to standard airphoto
interpretation methods would be closer spaced orbits, to provide improved stereo
coverage, and a greater number of passes to prqvide closely spacéd data, especially
for spring flood observations. It is reaiized, however, that factors considered
optimum by all investigators are impossible or, at best, impractical to asttain,

Iess time lapse in receiving imagery and standardized quality of color products
would also aid in timely data extraction.

Future Work: | | |

In working with ERTS images, a certain degree of confidence in the inethod used
for imagery interpretation hz_a;s been developed, This writer has used ERTS imagery
in the fleld to locate expected strandlines in flooded areas, and in the office to
preé.ict vegstation tfpes. Correlation has been good, but confidence has admittedly
been bolstered by ramiliarit}y with many aépects of the Sunkhaze watershed. There is
a need for future wori in cther areaé', of the same t:}pe and by at least two observers,
for cquparisch and accuracy checks, If the techniques outlined in this report are
valid, at least for Maine, the results should be compatable for different individuals
and with U-2 "ground truth". Other projects can be done from ERTS imagery which were
'rai' too ambitious for this proposal. |

Estimation of snow .depths can probably be made from ERTS imagery. The low
brush of the southeast meadow of Sunkhaze B’og,averages‘ between 6 and 12 inches.

About 300 yards from stream {traveling east to west), .the brush becomes taller
so that they are about 5.5 feet 75 yards rrom the stream. As snow accumulates,
varying amounts of this brush is covered. As the brush becomes covered, the snow
color changes from a greyish white to pure white, For example, on 10 February 73
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image, ID 1202-14552, the Sunkhaze Meadows have a greyish white tinge and on 28
Februéry 73 image, ID 1202-14553, the meadows are pure white, indicating that
enough snow fell between the imager:y dates to cover the brush to ‘depths greater
then 1 foot. A check of the precipitation records for February 73 shows that
12 inches of snow fsll in the Bangor area between these ;iatas.

| ~ Exemination of scenes imaged 6 April 73, ID 1257-15012 and 1257-15015, and
23 April 73, ID 127414553 and 127l~14551, shows certain lskes that are frozen
and others that have thawed, and snowline., With repetetive coverage, climatic
lines based on snow retreat lines could be constructed. These can be compared
- to climatic dafa as in Figure 17, the plot of the freezing index in degree days
for the coldest year in 16 (1958 = 1967).

Future work can be done from ERTS on areas of extensive cutting operations in
northern and northwestern Maine, ILimited study has shown that about 100 miles of
new logging roads were budit between 20 September 72, ID Z_L059-¥1h595, and 22 July 73,
ID 1364~14541, a period {qfl@ ﬁont'llxs,.' Also visible are extensive areas of cutting.
It has been estimated by Stoeckeler that cut areas 10 years old or oldsr can be
identified on ERTS imagery.

Summary : | . : .

Useful information has been derived from ERTS imagery. For £his report, a
nydrologic study was preformed with results compatable to other methocis. The area,
major stream length and storage areas of the watershed were measured with good
accuracy. This study area is not an idesl area suited to do a hydrologic study
from ERTS, as significant relief was limited to the esstern portion of the basin.
Mountainous watershed basins are obviously better sulted to measurement from ERTS.
In the study area, however, repetetive coverage, high spring water lsvels in the
storage areas and some knowledge of local agriculture allowed good results to be
obtained.
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Useful data also obtained from this study are the maps of the flooded areas
along the Penobscot River., A current study being conducted by the Maine Department
of Transportation's Bridge Division will make use of this new information derived

Iand use mapping from ERT3 has been demonstrated to be feasible., ERTS repetetive
coverage is an absolute necessity for pi-oper‘- classification of all major types of
vegstation. This information is extremely useful to regional plamners, and will be
an aid to hydrologlsts when land use parameters and their relationship to rumoff
characteristics are further clarified and understood.

The time lapse‘ involved in receiﬂ.ﬁg clear imagery, especially retrospectively
ordered color products, was a deterrent to the pursuits of the proposal, It is
felt that the use of simulated infrared scemes of different seasons, had they been
madeavailable, would have added substantially to the land use imvestigation portiom
of this report.

" U=2 aircraft mtdérﬂight photography furnished by NASA as an adjunct to this
proposal and the other two Maine ERIS proposals has been of extreme value for ground
truth correlations. Coverage of about 95 percent of the State was acquired between
August 20, 1972, and September 17, 1973, with some duplication of coastal areas.
This photography, which includes the four 7Gmm format Vinten bands and 9~inch
RC-10 CIR ro:ﬁat, will constitute a valuable file for future multi-agency and
multi~diaciplinary use.
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